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ABSTRACT 
 
The mineral tsumebite Pb2Cu(PO4)(SO4)(OH), a copper phosphate-sulfate hydroxide of the 
brackebuschite group has been characterised by Raman and infrared spectroscopy.  The 
brackebuschite mineral group are a series of monoclinic arsenates, phosphates and vanadates 
of the general formula A2B(XO4)(OH,H2O), where A may be Ba, Ca, Pb, Sr, while B may be 
Al, Cu2+,Fe2+,  Fe3+, Mn2+, Mn3+, Zn and XO4 may be AsO4, PO4, SO4,VO4.  
 Bands are assigned to the stretching and bending modes of PO43- and HOPO3 units. 
Hydrogen bond distances are calculated based upon the position of the OH stretching 
vibrations and range from 2.759 Å to 3.205 Å.  This range of hydrogen bonding contributes 
to the stability of the mineral. 
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Introduction 
 
Tsumebite Pb2Cu(PO4)(SO4)(OH) is a copper phosphate-sulfate hydroxide. The mineral has 
been known for an extended period of time [1].  The mineral is monoclinic with Space 
Group: P21/m. a = 8.70 b = 5.80 c = 7.85  = 111.5  Z = 2 [2, 3].  The mineral is a rare 
secondary mineral found in the oxidized zone of some arsenic-bearing Pb–Cu 
deposits and belongs to the brackebuschite group.  The mineral has been found in many 
places worldwide and has been found at Broken Hill, NSW, Australia.  A photo of the 
mineral tsumebite is given in the supplementary information. The mineral is highly coloured. 
Much substitution of phosphate by arsenate occurs and an arsenotsumebite is formed [3, 4]. 
The brackebuschite mineral group are a series of monoclinic arsenates, phosphates and 
vanadates of the general formula A2B(XO4)(OH,H2O) where A may be Ba, Ca, Pb, Sr and B 
may be Al, Cu2+,Fe2+,  Fe3+, Mn2+, Mn3+, Zn and XO4 may be AsO4, PO4, SO4,VO4. Related 
to these minerals are the fornacite-vauquelinite series [5-8].  Minerals in this group are 
arsenbrackebuschite, arsentsumebite [9, 10], bearthite [11, 12], brackebuschite [13-15], 
feinglosite [16], gamagarite [17, 18], goedkenite [19], tsumebite [2].   
 
To the best of our knowledge, few infrared and no Raman spectroscopic studies have 
been undertaken on these minerals.  Farmer reported the results of an infrared spectrum of 
brackebuschite (Pb2(Mn,Fe)(VO4)(OH) [20]. However, the formula presented for the mineral 
is different from that now accepted.  Infrared bands were found at 890, 860 cm-1 (ν1), 740 and 
730 cm-1 (ν3), 495 and 475 cm-1 (ν4).  The values correspond with recently published 
spectroscopic data for vanadates [21, 22].  The infrared spectrum of tsumebite was also 
published by Farmer [20].  Infrared bands for tsumebite were found at 932 cm-1 (ν1), 475, 425 
and 415 cm-1 (ν2), 1090, 1048, 1015  and 970 cm-1 (ν3), 630, 615, 596, 575, 548 and 515 cm-1 
(ν4). The values correspond with that of the phosphate anion in a distorted environment [21, 
23-25].  No results of the infrared spectra of the hydroxyl and water OH stretching region 
were published.   
 
Raman spectroscopy has proven very useful for the study of minerals, [26-32] especially for 
the study of diagenetically related minerals as often occurs with minerals containing arsenate 
and phosphate groups, including tsumebite and arsenotsumebite.  Raman spectroscopy is 
especially useful when the minerals are X-ray non-diffracting or poorly diffracting and very 
useful for the study of amorphous and colloidal minerals.  This paper is a part of systematic 
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studies of vibrational spectra of minerals of secondary origin in the oxide supergene zone. In 
this work we attribute bands at various wavenumbers to vibrational modes of tsumebite using 
Raman spectroscopy complimented with infrared spectroscopy and relate the spectra to the 
structure of the mineral.  
 
Experimental 
 
Mineral 
 
The mineral tsumebite samples were supplied by The Mineralogical Research 
Company.  The mineral sample structure was confirmed by X-ray powder diffraction and the 
chemical analyses determined using an electron probe. 
 
Raman spectroscopy 
 
Crystals of tsumebite were placed on a polished metal surface on the stage of an Olympus 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 
Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 nm and 
collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 
100 and 4000 cm-1. Repeated acquisition on the crystals using the highest magnification (50x) 
were accumulated to improve the signal to noise ratio in the spectra. Spectra were calibrated 
using the 520.5 cm-1 line of a silicon wafer.   Further details of the technique have been 
published [26-32]. 
 
Infrared spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 
endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range were 
obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and a mirror velocity of 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.   
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Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 
Germany) software package which enabled the type of fitting function to be selected and 
allowed specific parameters to be fixed or varied accordingly. Band fitting was done using a 
Lorentz-Gauss cross-product function with the minimum number of component bands used 
for the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and 
fitting was undertaken until reproducible results were obtained with squared correlations ( r2) 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 
separation or changes in the spectral profile.   
 
RESULTS and DISCUSSION 
 
Background 
Farmer [20] reported the infrared spectrum of tsumebite (Table 17.XIV). This table reports 
the band positions of the infrared spectra of phosphate minerals containing water or hydroxyl 
units or both.  The symmetric stretching mode was detailed at 932 cm-1; the ν2 bending mode 
at 415, 425 and 475 cm-1; the ν2 antisymmetric  mode 970, 1015, 1048 and 1090 cm-1; the ν4 
bending mode at 515, 548, 575, 596, 615 and 630 cm-1. The water stretching vibration was 
listed as 3440 cm-1 and bending mode as 1635 cm-1. The out-of-plane OH deformation mode 
was found to be 800 cm-1.   
 
Raman spectroscopy 
 
 The Raman (and infrared) spectrum may be conveniently divided into sections 
according to the type of vibrational modes.  The Raman spectrum of the phosphate stretching 
vibrations is shown in Figure 1.  The Raman band at 971 cm-1 is assigned to the ν1 symmetric 
stretching mode. The band is polarised.  In the infrared spectral data, published by Farmer 
[20] the band at 970 cm-1 was defined as an antisymmetric vibration.  The infrared spectrum 
of tsumebite in the 500 to 1300 cm-1 is displayed in Figure 2.  The infrared spectrum is 
composed of a series of overlapping bands.  In the Raman spectrum, low intensity bands are 
observed at 1061 and 1097 cm-1. These bands are attributed to the ν3 antisymmetric stretching 
vibration. The question arises as to what is the assignment of the bands at 827 cm-1 with a 
shoulder at 852 cm-1 and the band at 935 cm-1.  The first two bands at 827 and 852 cm-1 are 
ascribed to OH deformation modes.  It is proposed in the structure of tsumebite that the 
protons from the OH units interact with an oxygen of the phosphate units, resulting in the 
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formation of HOPO3 units.  The band at 935 cm-1 is therefore assigned to the symmetric 
stretching vibration of these HOPO3 units.   
 
 The Raman spectrum of tsumebite in the 300 to 650 cm-1 range is displayed in Figure 
3.  Three bands found at 442, 468 and 482 cm-1 are assigned to the ν2 bending modes.   The 
observation of multiple OPO bands supports the concept of a reduction in symmetry of the 
phosphate units from Td to C3v or lower. These bands may also be coincident with the HOPO 
bending modes from the HOPO3 units.  The Raman bands at 540, 554, 598 and 606 cm-1 are 
assigned to the PO43- ν4 bending modes.  Four bands are found at 321, 339, 358 and 389 cm-1. 
These bands are associated with PbO and CuO stretching vibrations.  The Raman spectrum of 
tsumebite in the 75 to 275 cm-1 is shown in Figure 4.   The bands in this spectral region are 
simply described as lattice modes.   
 
 The Raman spectrum of tsumebite in the OH stretching region is displayed in Figure 
5.  The band at 3648 cm-1 is assigned to the stretching vibration of the OH units.  This band 
was not reported in the infrared spectrum by Farmer [20].  The Raman bands at 3335, 3397 
and 3446 cm-1 are assigned to the stretching vibrations of water. In the infrared spectrum of 
tsumebite, a band is observed at 3616 cm-1 and is attributed to the stretching vibrations of the 
OH units.  The water being region is shown in Figure 7.  The centre of the band is found at 
1636 cm-1 attributed to water HOH bending modes. Other infrared bands are seen at 1418 and 
1580 cm-1.   
 
Studies have shown a strong correlation between OH stretching wavenumbers and 
both O…O bond distances and H…O hydrogen bond distances [33-36]. Libowitzky showed 
that a regression function can be employed relating the hydroxyl stretching frequencies with 
regression coefficients better than 0.96 using infrared spectroscopy [37]. The function is 
described as: ν1 = 1321.0
)(
109)3043592(
OOd 
 cm-1. Thus OH---O hydrogen bond distances may 
be calculated using this Libowitzky empirical function. The values for the OH stretching 
vibrations labelled in Figure 6, provide hydrogen bond distances of 2.759 Å (3335 cm-1), 
2.796 Å (3397 cm-1), 2.834 Å (3446 cm-1) and 3.205 Å (3648 cm-1). The large hydrogen bond 
distances which are present in tsumebite can also be seen in other mixed anion minerals such 
as peisleyite where the distances range between 2.683 and 3.052 Å. Such hydrogen bond 
distances are typical of secondary minerals. A range of hydrogen bond distances are observed 
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from reasonably strong to weak hydrogen bonding. This range of hydrogen bonding 
contributes to the stability of the mineral. It is noted that the hydrogen bonds of the OH units 
are quite weak compared with that of the water units.  
 
Conclusions 
 
The mineral tsumebite Pb2Cu(PO4)(SO4)(OH), a copper phosphate-sulfate hydroxide of the 
brackebuschite group has been characterised by Raman and infrared spectroscopy.  Bands are 
assigned to the stretching and bending modes of SO42-, PO43- and HOPO3 units. Hydrogen 
bond distances are calculated based upon the position of the OH stretching vibrations and 
range from 2.759 Å to 3.205 Å.  This range of hydrogen bonding contributes to the stability 
of the mineral. 
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Figure 1 Raman spectrum of tsumebite in the 750 to 1150 cm-1 region.  
 
Figure 2 Infrared spectrum of tsumebite in the 500 to 1300 cm-1 region.  
 
Figure 3 Raman spectrum of tsumebite in the 300 to 650 cm-1 region.  
 
Figure 4 Raman spectrum of tsumebite in the 75 to 275 cm-1 region.  
 
Figure 5 Raman spectrum of tsumebite in the 3000 to 3800 cm-1 region.  
 
Figure 6 Infrared spectrum of tsumebite in the 2400 to 3800 cm-1 region.  
 
Figure 7 Infrared spectrum of tsumebite in the 1300 to 1800 cm-1 region.  
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